In order to develop a practical debittering method for amino acids and peptides, several debittering methods were studied. The authors found that hooking acidic amino acids to and acetylation of bitter amino acids is very effective to remove the bitterness from their concentrated solution. For debittering by mixing with additives, skim milk and other peptide compounds were effective. Acidic amino acids were also effective to reduce the bitterness. Gelatinized starch was found to be useful for debittering because it takes bitter substances into its net structure.
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It is widely known that bitterness sometimes is produced in sake,0 miso, natto2) and other fermented products, so decreasing their qualities. This bitterness is produced by bitter peptides and their derivatives formed during the aging process of these fermented products.
Enzymatic hydrolysis of proteins also produces bitter peptides very often to decrease the value of the products.3~8)
Since those bitter peptides are knownto be produced by enzymatic hydrolysis, several attempts to reduce the production of bitter peptides during the enzymatic hydrolysis process by changing the enzymes and/or conditions of the reaction have been made. Some research groups have reduced bitterness by treating bitter peptides with carboxypeptidases.9~n) There have been some other at-41 tempts to removethe bitterness from peptides by extracting with alcohol or by treating on resin.12"14* All these debittering methods involved removing the bitter principles by extraction or absorption, or by modifying the structure of the bitter peptides. However, there are many cases in which bitter principles have to be retained for nutrition or medication because of their important role. There have been very few studies about masking bitterness. Arai Table II ) were also selected, most of them being commonly used for nutritions. It is clear that the hydrophobicity of a peptide is an important key for the bitterness. Cyclodextrin was selected to wrap them and reduce the bitterness, and cyclodextrins have also been reported to be useful for removing the bitterness of citrus fruit juice.25~27) Starch was selected as another sugar polymer, because it was expected to cover the bitter compounds with its "net structure" and to prevent them from reaching the bitter Table I . Amino Acids and Peptides for the Bitter Samples c Rca{ is the bitterness of the amino acid or peptide. Rca{ shows how the threshold values were lower or higher than that of caffeine. Rcai of caffeine is 1. and casein hydrolyzate are of course composed of amino acids. Because a debittering method for bitter peptides was being looked for, proteins and peptides could block the bitterness. Creamingpowder, vegetable oil and margarine are fatty substances, which could block hydrophobic groups of bitter peptides by their character to reduce the bitterness.
We also added some acidic amino acids in order to confirm their ability for masking bitterness, Asp, Glu and Tau being used for the study. Although taurine (Tau) is not an acidic amino acid, it has a very strongly acidic function. We expected that taurine could reduce the bitterness as well as other acidic amino acids or peptides. In this paper, the study of both the de-43 bittering effect by changing the structure of bitter amino acids and by adding those additives to model bitter peptides and amino acids will be reported.
Materials and Methods

Materials
(1) Amino acids andpeptides. All the amino acids were provided by Ajinomoto Co. Inc. and all the peptides were synthesized by a conventional liquid phase layer method. The purity of each product was confirmed by melting point, optical rotation, Rfvalue of thin-layer chromatography using two solvent systems, and by micro-analysis. All analytical results were within±0.15% of the theoretical values.
(2) Additives. water, >100g/1 at 0°C; N content, 15.78%, average molecular weight, 2,200) was prepared by Ohtsuka Pharmaceutical Co., Ltd. As a creaming powder, a product from Morinaga Milk Industry Co., Ltd. (the name of the product was "Creap") was used (solubility in water, 160g/1 at 0°C and 310g/1 at 40°C; N content, 0.58%). Vegetable oil (the name was "Corn Salad Oil") was provided by Ajinomoto Co., Inc. As a sweet margarine (unsalted), a product from Snow Brand Milk Product Co., Ltd. (the name of the product was "Margarine for Cakes") was used.
Sensory analysis ( 1 ) Preparation of samples. The strength of bitterness of each sample solution was adjusted to the same as that of 10mM of caffeine solution, the concentration of each solution being listed in Table I . The additives for debittering are listed in Table II were mixed with the bitter samples. These concentrations were prepared to study the molecule-molecule interaction between bitter substances and the additives for debittering. See Table II for the amount of each additive.
(2) Sensory test. The taste of each sample was organoleptically determined by a panel evaluation employing five people. Before the sample was tasted, the mouth was throughly rinsed with deionized water. The sample solution was held in the mouth for 10 seconds, then expectorated, and the taste strength determined. The taste strength of each sample solution was averaged after several examinations by the panelists of the given samples. The bitter potency of each sample was compared with standard caffeine solutions, which was evaluated on a score of0, 1, 2, 3, 4 and 5, where 5 wasjudged to be equivalent in bitter taste to a reference 10mM caffeine solution. Scores of 4,3,2 and 1 indicate a descending degree of bitterness, compared with the reference solutions. A score of 3 means that the bitterness of the sample solution was the same as that of a 5mMcaffeine solution, and a score 0 indicates tastelessness or other tastes. The results obtained from the panelists were aver- Results and Discussion 1. Debittering by modifying the structure of bitter amino acids
As described in the introduction section, the mechanismfor the bitterness of amino acids The acidic dipeptides were not very soluble in water.
and peptides is now clear.18 23) The simplest way to remove the bitterness is to change the structure of the bitter amino acids and peptides, Table III showing the debittering effect by changing the bitter structure. All the compounds produced a sour taste as salt-free derivatives, and produced both a salty and umami taste as sodium salts. The amino groups of these compounds were blocked by an acetyl, aspartyl or glutamyl residue. In the case of the bitter amino acids, the amino group is one of two bitterness-producing functions. Therefore, the bitterness of bitter amino acids can be removed by blocking the amino group.
2. Debittering by adding substances for effective masking of the bitterness (a) Debittering by a-cyclodextrin or starch. The debittering effect by a-cyclodextrin or starch is summarized in Fig. 1 , which shows that 1.5 equivalent of a-cyclodextrin was necessary in order to mask the bitterness ofamino acids. In this system, a-cyclodextrin is presumed to wrap the hydrophobic functions of bitter amino acids to decrease their bitterness.
Therefore, 1.5 equivalent of a-cyclodextrin could be estimated as effective for the peptides whose bitterness potency is stronger than that of amino acids. However, 1.5 equivalent of acyclodextrin was not effective enough to reduce the bitterness, and the wrapping ability of a-cyclodextrin seems not to be as high as that described in other reports.26~28) A large excess of a-cyclodextrin solution was necessary to substantially mask the bitterness of peptides.
Onereason whyan equivalent of a-cyclodextrin was not able to maskthe bitterness of the peptides is probably that the peptide molecules are too big for a-xyclodextrin. Another reason might be that peptides possess more than two hydrophobic functions which a-cyclodextrin has to wrap. The fact that a large excess ofacyclodextrin was necessary to reduce the bitterness of the peptides explains these phenomena.
Weexpected that starch could reduce the bitterness of the samples because starch has a "net structure" which is supposed to cover Figure 2 shows the results of a sensory analysis of debittering by skim milk, soybean casein, whey protein concentrate and casein hydrolyzate. These materials are "peptide compounds" and we expected them to decrease the bitterness, because there should be some affinity between the proteins and amino acids or peptides. These proteins and protein hydrolyzate were effective to decrease the bitterness as expected. Hydrophobicity of the molecule is one important factor for bitterness. Fatty substances might be effective to reduce the bitterness because of their affinity to hydrophobic compounds. The results of a sensory analysis of mixtures of bitter substances and creaming powder, margarine and vegetable oil is shown in Fig. 3 . However, these fatty substances were not very effective, with the exception ofcreaming powder. The creaming powder probably decreased the bitterness by forming an emulsion to wrap the bitter amino acids or peptides. On the other hand, mixtures of margarine and vegetable oil in water were easily separated into two layers, which is probably the reason why they did not work effectively, Shinoda et al.29) acidic amino acid, although it has a sulfonyl group and the solution shifts to the acidic region. An acidic solution of taurine might be as effective for debittering as aspartic acid or glutamic acid. The result of the sensory analysis is shown in Figs. 4 and 5, all the amino acids working very well as expected. The only problem was the sourness which was produced by acidic amino acids instead of the bitterness.
Among them, taurine was an amino acid which did not produce sourness, although it reduced the bitterness as well as other acidic amino acids.
Debittering of the peptides did not seem to work. Acidic amino acids were added to the bitter substances in 0.5, 1.0 and 1.5 equivalents. Even 1.5 equivalent of acidic amino acids could not reduce the bitterness of peptides. Whena large excess of amino acids were added, however, the bitterness of peptides was masked (see Fig. 5 ). We proposed the mechanism for bitterness and sweetness in 1985.29) According to our mechanism, two functional groups are necessary to produce bitterness, a pair of two hydrophobic groups or of hydrophobic and basic groups (see Fig. 6 ).
Those two functional groups attach to the receptor sites corresponding to the bitterness production (A' and X'), and produce the bitterness. Therefore, if an acidic amino acid could block the B' site, the bitterness would never be produced. The B' site has to be open to produce the bitterness. However, even 1.5 equivalent of acidic amino acids did not work. Probably, we have to discuss elsewhere the order of the attachment of taste functional groups to taste receptor sites.
Conclusions
The results of the debittering experiments are summarized in Table IV , which shows that each bitter substance needs a different debittering method. To remove the bitterness of highconcentration solutions of hydrophobic amino acids, acetylation of the amino acids was effective. Hooking acidic amino acids to hydrophobic amino acids was also effective. In the case of low-concentration solutions of those aminoacids, the addition ofacidic aminoacids was effective. For the debittering of peptides, peptide compound such as skim milk, soybean casein and so on were effective. Gelatinized starch was effective for all the bitter compounds, and we recommendusing gelatinized starch for debittering if no other effective antibitter substances can be found. Wethus established the debittering method using model amino acids and peptides. We believe that these debittering methods might The mixture of starch and each bitter sample was gelatinated, solidified and then re-dissolved in water. Wheyprotein concentrate. Substances were added to the bitter samples in 1/3, 1 and 1.5 equivalents. Substances were added to the bitter samples in concentrations of 33.3, 100 and 150g/1. Estimation-+ + >15°/ +>50%, ±>25%, -<25%, be applicable to the practical debittering of fermented products and additives for nutrition and medication.
